We have derived an analytical expression in the wavenumber domain for calculating the gravity anomaly caused by an exponential density contrast model for an interface (Xia and Sprowl, 1990), above which the density contrast changes exponentially with depth. Constant density contrast and a linear density contrast are specific cases of the exponential density contrast model. The formula should be more efficient than vertical prism methods for linear or exponential density contrast. The formula is tested using synthetic data. We employ the approach presented by Xia and Sprowl (1992) to invert the regional gravity anomaly of Kansas to determine depth to the Moho discontinuity with an exponential density contrast model. The inversion is constrained by seismic refraction along the twodimensional profile from Concordia, Kansas to Agate, Colorado (Steeples and Miller, 1989) . The average density model in the crust of Kansas is also determined.
INTRODUCTION
In the mapping of a density interface, complex geology requires consideration of a variable density contrast above the interface as a function of depth. It is well known that the density of sedimentary rocks increases with depth of burial (Athy, 1930) . The density of the rocks rapidly increases at shallow depths and increases progressively less rapidly at greater depths. An exponential density contrast model is a reasonable approximation of a sedimentary boundary and is significantly more appropriate than a constant density contrast model or a linear density contrast model.
It is difficult, however, to derive formulas for calculating gravity anomalies due to depth-dependent density in the spatial domain. Reamer (1986) derived a formula for the gravity anomaly of a linear density contrast model in the wavenumber domain. Reamer and Fereuson (1989) also discussed an inversion of gravity anoma6 into a density interface for the linear density contrast model in the wavenumber domain. It is impossible to obtain an analytical expression in the spatial domain for the gravity anomaly of even a simple geometrical body when the density of the body varies exponentially with depth (Murthy and Rao; 1979). Cordell (1973) proposed a recursive procedure and Murthy and Rao (1979) extended Hubbert' s (1948) line-internal method for the case of a linear density model to obtain-an approximate solution for the exuonential densitycontrast model. Chai and Hinze (1988) and Chenot and Debeglia (1990) presented an approach based on using vertical prisms with the exponential density contrast model in the wavenumber domain to invert gravity anomaly into density interface.
In this paper, we first derive an analytical expression in the wavenumber domain for calculating the gravity anomaly produced by an exponential density contrast model for an interface, above which density contrast changes with depth exponentially. In order to show that the analytical formula of the exponential density contrast model is correct, we calculate the anomalies caused by a set of rectangles with varying densities, which are determined by an exponential model. The summation of all anomalies caused by the rectangles should be very close to the anomaly directly calculated by the formula of the exponential density contrast model. Finally, we invert the gravity anomaly by iterative forward modeling (Xia and Sprowl, 1992) The maximum deviation between both anomalies is 0.25 mGa1, which is less than 5 percent of the amplitude of the expected anomaly. The difference in the two anomalies is caused mainly by noise of the Gibbs phenomena in Fourier transformation.
INVERSE APPROACH
Two main steps in the iterative forward-modeling approach are to determine an initial model and to modify the model (Xia and Sprowl, 1992) .
Initial model. We initialize ZT (the depth to the top of the layer) to an average depth and define an exponential density contrast model and the depth to the bottom of the layer (ZB), which are kept unchanged while solving for ZT. After these three parameters are determined, we can calculate the anomaly due to the initial model with Equation (2).
Model modification. The formula used to modify the depth to the density interface after each iteration is shown in Equation (4) (Bott, 1960 where N is the total number of data points. The inverse approach is described by Xia and Sprowl (1992). Iterative improvement in the depth to the interface should cause reduction in both of these errors, and the errors are minimized as the solution converges. In practice, a given iteration may not reduce both errors simultaneously because the modifications to the model are approximate. Iteration continues until no further improvement in either error is realized or when RMS reaches the accuracy threshold of the observational data.
The uniqueness of the derived model of depth to the top of the layer is also restricted by the uncertainty in the assumed exponential density contrast model and the assumed average depth to this interface. Clearly, reduction in the assumed exponential density contrast (or increase in average depth to interface) increases topographic relief on the calculated surface. Appropriate solutions are possible only when the initial parameters are constrained by other geological or geophysical information.
GEOLOGICAL EXAMPLE
The regional gravity anomaly, which contains 408 by 205 grid points, is the second order trend of the Bouguer anomaly for the state of Kansas and is assumed to be due to the Moho discontinuity (Xia, 1992) . We try to invert the regional gravity to derive the depth to the Moho discontinuity by the approach discussed in above section. We assume an exponential density contrast for the crust. The inverse result is constrained by seismic refraction data (Steeples and Miller, 1989) . We use the trial-and-error method to determine the average depth to the Moho and the exponential density contrast model. The criterion is that the determined exponential density contrast modeland the average depth to the Moho should produce the best coincidence between the gravity inversion and the seismic data along the refraction profile.
We finally determined the average depth to the Moho as 37.0 km and the exponential density contrast model as Ap(z) = -l.Oe-n.~~s' 2 g/cm3, 
